Introduction
============

Ectopic pregnancy is an early pregnancy complication in which a fertilized ovum is implanted outside of the uterine cavity, most commonly in the fallopian tubes. The most frequent site within the tubes is the ampullary portion, followed by the isthmus, interstitial, cornual, and fimbrial portions. In addition, it can also occur in the ovary, abdominal cavity, the uterine cervix, and at cesarean scar site. Ovarian pregnancy (OP) occurs when a fertilized ovum is implanted on the ovary which accounts for approximately 3% of total ectopic pregnancies \[[@B1]\].

The early diagnosis of ectopic pregnancy has become possible because of the availability of sensitive assays for human chorionic gonadotropin (hCG) and the development of transvaginal ultrasound \[[@B2]\]. The characteristic sonographic findings of OP include a wide echogenic ring accompanying an echolucent area within an ovary, for a definitive diagnosis, a yolk sac or embryo should be observed within the echogenic ring \[[@B3]\]. However, OP, ruptured corpus luteum, and tubal pregnancy (TP) are detected mainly as adnexal masses, it is not easy to perform a differential diagnosis targeting such ectopic pregnancies \[[@B4]\].

If OP is not diagnosed earlier, life-threatening conditions can be caused by rupture of an ectopic gestational sac and consequent hemoperitoneum resulting from the high vascularity of ovarian tissues \[[@B5]\]. Therefore, it is important to be aware of these rare conditions to reduce the associated morbidities.

In this study, we aimed to analyze the features allowing the early diagnosis of OP by comparing the demographic and clinical characteristics between patients with TP and OP.

Materials and methods
=====================

This study conducted a retrospective chart review of 23 patients with OP and 46 patients with TP from October 1, 2003 to September 31, 2016 in Hanyang University Hospital. We reviewed the medical records to analyze the demographic and clinical characteristics, surgical outcomes such as gestational age at diagnosis, risk factors of ectopic pregnancy such as abortion history, pelvic inflammatory disease (PID), and tubal surgery, and the use of ovulation-inducing agents and assisted reproductive technology (ART). All patients had received an ultrasound before the surgery and serial serum concentrations of β-hCG were recorded.

Extensive hemoperitoneum was defined as fluid collection in the hepatorenal recess in preoperative ultrasound scan. Hemoperitoneum was measured by total volume of saline used for the irrigation subtracting from the total fluid volume aspirated during the operation.

The χ^2^ test was used to assess the differences among the 2 groups. SPSS ver. 13.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis of data, with *P*-values \<0.05 considered significant.

Results
=======

The clinical characteristics of the patients are summarized in [Table 1](#T1){ref-type="table"}. There were no significant differences between the 2 groups in terms of age, parity, body mass index, gestational age, serum β-hCG level at the surgery, risk factors of ectopic pregnancy, number of abdominal surgeries including tubal surgery, ART, and hospital stay. The most common symptom was lower abdominal pain and the next most common symptom was vaginal bleeding.

In terms of sonographic findings, there were significant differences in the ectopic gestational sac (13.3% of OP group and 95.7% of TP group) and fluid shadow in the hepatorenal recess (13.0% of the OP group and 54.3% of the TP group) between the 2 groups. Specifically, fluid collection in the hepatorenal recess is a typical sonographic finding known as extensive hemoperitoneum. However, there was no significant difference in fluid collection in the cul-de-sac between 2 groups.

Fifty-nine (19 of the OP group and 40 of the TP group) and 10 patients (4 of the OP group and 6 of the TP group) underwent laparoscopic surgery and laparotomy, respectively. There was no significant difference in the operating time of the 2 groups.

The rupture of an ectopic gestational sac was significantly more common in the OP group (73.9% in the OP group and 45.7% in the TP group) and the pelvic adhesion was significantly more common in the TP group (39.1% in the OP group and 52.3% in the TP group). However, there was no significant difference in amount of hemoperitoneum and transfusion rate in both groups ([Table 2](#T2){ref-type="table"}).

[Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} showed laparoscopic surgical images of 2 cases of the OP.

Discussion
==========

OP is a relatively uncommon type of ectopic pregnancy; its incidence is approximately 0.5%--3% of ectopic pregnancies, and it is known to occur with a frequency of one in 7,000--15,000 pregnancies \[[@B6][@B7]\]. The reported incidence of OP is growing because of an increasing awareness by physicians of the possibility of an OP and careful histologic examination of the ovarian tissues \[[@B8]\].

A history of tubal surgery, a prior ectopic pregnancy, PID history, and intrauterine device (IUD) use are known to be risk factors for ectopic pregnancy \[[@B9][@B10][@B11]\]. Of these, PID history is a risk factor for TP, but not for OP \[[@B12]\], while use of an IUD is known to correlate with the incidence of OP \[[@B2]\]. Furthermore, the incidence of OP accompanying ovarian hyperstimulation during ART is also increasing \[[@B13]\].

Primary OP can be histologically classified into intrafollicular and extrafollicular OP \[[@B14]\]. Extrafollicular forms can be subdivided into juxtafollicular, interstitial, cortical, and superficial types. Although this classification has been widely accepted, it has no therapeutic relevance and is impractical for physicians \[[@B15][@B16]\].

The natural history of OP indicates that, similar to other ectopic pregnancies, the sac usually ruptures within a certain period of time after development, but there are even cases where pregnancy proceeds up to the second or third trimester \[[@B17]\]. The sac most commonly ruptures and is terminated during the first trimester (91%), with 5.3% proceeding to the second trimester and 3.7% to the third trimester \[[@B18]\]. Uncommonly, a twin OP, a calcified fetus, or recurrent OP occur. One instance of a twin OP that developed bilaterally was reported \[[@B19]\]. OP does not have a deleterious effect on a woman\'s future reproductive capability, and it is very rare for it to recur \[[@B20]\].

The clinical findings of OP are very similar to those of TP or ruptured corpus luteum. In all of these, abdominal pain is the most common symptom, and all 3 show a range of symptoms, including vaginal bleeding, an adnexal mass, irregular menstruation, and shock. It has been reported that the amount of blood loss observed during laparotomy is 50--2,500 mL \[[@B21]\]. Approximately 50% of ovarian pregnancies that develop after ovarian stimulation can be diagnosed at an asymptomatic stage \[[@B22]\].

Typical sonographic finding of OP is a thick echogenic peripheral vascular ring observed around cysts in the ovary, which is similar to the sonographic findings for the corpus luteum. Therefore, a yolk sac or an embryo within an echogenic ring should be detected for a definitive diagnosis \[[@B3]\]. Initial serum β-hCG levels are not critical: even if an abnormally low and slow-rising serum β-hCG is of help in the early recognition of abnormal implantation, it is not specific to confirm the diagnosis of OP \[[@B23]\]. Diagnostic laparoscopy has emerged as a simple method for visualizing ovaries and fallopian tubes directly. One study demonstrated that its diagnostic accuracy for ectopic pregnancy is 96.3% \[[@B24]\].

In 1878, Spiegelberg \[[@B25]\] suggested the following as diagnostic criteria: 1) the fallopian tube on the affected side must be intact; 2) the gestational sac must occupy the same position as the ovary; 3) the ovary must be connected to the uterus by the utero-ovarian ligament; and 4) ovarian tissue must be located in the gestational sac wall. In 2002, Sergent et al. \[[@B20]\] suggested the following as new diagnostic criteria to be added to those of Spiegelberg\'s study \[[@B25]\]: 1) serum β-hCG level ≥1,000 IU/L and uterine vacuity at vaginal ultrasonography; 2) ovarian implication confirmed by surgical exploration, with bleeding, visualization of chorionic villi, or the presence of an atypical cyst on the ovary; 3) normal tubes; and 4) undetectable serum β-hCG after treatment of the ovary.

The choice of treatment for OP is surgery, and after it was reported as successful by Van Coevering and Fisher in 1988 \[[@B26]\], laparoscopic surgery became the standard surgical modality. Earlier, Ovarian wedge resection was a conventional method; however, as laparoscopic techniques improve, physicians started to perform laparoscopic enucleation of the OP \[[@B23]\].

In this study, a gestational sac was more commonly detected on preoperative ultrasonography in TP than in OP, implicating that the rupture of the gestational sac before surgery occurred more commonly in OP. It can be explained that the plentiful blood supply of the ovary itself is the major cause of these findings \[[@B27][@B28]\]. However, extensive hemoperitoneum was more common in the TP group in this study. While the ovary receives blood only from the ovarian artery, the principal blood supply of the fallopian tube is through an anastomosis between the bifurcated branch originating from the upper end of the uterine artery and the ovarian artery. In addition, the venous plexus system of the tube accompanies the arterial distribution and capillary networks that are found in the subserosal, muscularis, and mucosal layers \[[@B29]\]. Therefore, the possibility of extensive hemoperitoneum may be increased when an ectopic gestational sac is ruptured during a TP. Another possible cause is that the median age of patients with OP was higher than that of patients with TP, although this difference was not significant because ovarian blood flow decreases with increasing women\'s age. Moreover, because the type of OP seen in this study was superficial and easily ruptured, it was diagnosed on average 6 days earlier than TP; this could result in a less severe hemoperitoneum. Although not statistically significant, the mean gestational age between the 2 groups showed difference (6.4 vs. 7.3 weeks). This result can suggest the tendency of the OP to rupture earlier than the TP. Further investigation in subsequent more highly powered studies will be necessary. Our findings that rupture of the ectopic gestational sac occurred more commonly in the OP group than in the TP group and that the amount of hemoperitoneum in OP was low are clinical manifestations that distinguish OP from TP and are therefore significant.

In conclusion, because the clinical manifestations of OP and TP are not clearly distinguishable, it is difficult to make a preoperative diagnosis. However, this study showed that rupture of an ectopic sac occurred more often at an early gestational age and the quantity of hemoperitoneum was smaller in the OP than in the TP group. For the patients in whom a gestational sac is not detected in the uterus or the fallopian tubes, it is important to be aware of the possibility of OP and rupture of an ovarian gestational sac to promote early diagnosis and surgical intervention.
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###### Clinical characteristics of the patients (n=69)
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  Variables                                Total patients (n=69)                        *P*-value^a)^                                                              
  ---------------------------------------- -------------------------------------------- ---------------------------- ---------------------------------- ---------- --
  Age (yr)                                 32 (24--38)                                  30 (20--43)                  0.376                                         
  BMI (kg/m^2^)                            21.7 (16.8--34.9)                            21.6 (16--33.9)              0.878                                         
  Gestational age at operation date (wk)   6.4 (4.3--10.4)                              7.3 (4.6--11.6)              0.455                                         
  Serum ß-hCG at operation date (mIU/mL)   3,579 (1,070--30,527)                        4,867.5 (1,013--79,566)      0.360                                         
  Parity                                                                                                             0.432                                         
                                           0                                            15 (65.2)                    35 (76.1)                                     
                                           1                                            4 (17.4)                     5 (10.9)                                      
                                           2                                            3 (13.0)                     6 (13.0)                                      
                                           ≥3                                           1 (4.3)                      0                                             
  Induced abortion                                                                                                   0.485                                         
                                           0                                            12 (52.2)                    22 (47.8)                                     
                                           1                                            5 (21.7)                     17 (37.0)                                     
                                           2                                            2 (8.7)                      2 (4.3)                                       
                                           ≥3                                           4 (17.4)                     9 (19.6)                                      
  History of the patients                                                                                                                                          
  PID                                      5 (21.7)                                     19 (41.3)                    0.179                                         
  Previous ectopic pregnancy               2 (8.7)                                      5 (10.9)                     1.000                                         
  Previous abdominal surgery               5 (21.7)                                     13 (28.9)                    0.638                                         
                                           Cesarean section                             3                            6                                             
                                           Laparoscopic unilateral salpingectomy        1                            5                                             
                                           Laparoscopic ovarian cystectomy              1                            1                                             
                                           Others                                       \-                           Laparoscopic cholecystectomy (1)              
  Reproduction                                                                                                       0.349                                         
                                           Natural pregnancy                            20 (87.0)                    35 (76.1)                                     
                                           ART                                                                                                                     
                                                                                        COH with IUI                 2 (8.7)                            2 (4.3)    
                                                                                        Fresh non-donor IVF cycles   1 (4.3)                            7 (15.2)   
                                                                                        Frozen-thawed cycles         0                                  2 (4.3)    
  Clinical manifestations                                                                                            0.267                                         
                                           Asymptomatic                                 2 (8.7)                      2 (4.3)                                       
                                           Lower abdominal pain                         15 (65.2)                    23 (50.0)                                     
                                           Vaginal bleeding                             6 (26.1)                     21 (45.7)                                     
  Sonographic findings                                                                                                                                             
                                           Showing the ectopic gestational sac          3 (13.3)                     44 (95.7)                          0.000      
                                           Fluid collection in the cul-de-sac           17 (73.9)                    33 (71.7)                          1.000      
                                           Fluid collection in the hepatorenal recess   3 (13.0)                     25 (54.3)                          0.001      
  Hospital stay (days)                     6 (3--8)                                     5 (2--13)                    0.884                                         

Values are presented as median (range) or number (%).

OP, ovarian pregnancy; TP, tubal pregnancy; BMI, body mass index; hCG, human chorionic gonadotropin; PID, pelvic inflammatory disease; ART, assisted reproductive technology; COH, controlled ovarian hyperstimulation; IUI, intrauterine insemination; IVF, in vitro fertilization.

^a)^Significance at *P*\<0.05.

###### Surgical outcomes

![](ogs-60-462-i002)

  Variables              Total patients (n=69)                    *P*-value^a)^                                          
  ---------------------- ---------------------------------------- ----------------------- ---------------------- ------- --
  Type of surgery                                                                         0.721                          
                         Laparoscopy                              19 (82.5)               40 (87.0)                      
                                                                  Resection of OP         19                     \-      
                                                                  Salpingectomy           \-                     30      
                                                                  Salpingostomy           \-                     10      
                         Laparotomy                               4 (17.4)                6 (13.0)                       
                                                                  Resection of OP         4                      \-      
                                                                  Salpingectomy           \-                     6       
  Operating time (min)   76.1 (30--130)                           72.4 (35--110)          0.786                          
  Operative findings                                                                                                     
                         Amount of hemoperitoneum (mL)            515.2 (250--2,000)      1,097.8 (100--2,500)   0.332   
                         Pelvic adhesion                          9 (39.1)                24 (52.3)              0.016   
                                                                  Tubo-ovarian adhesion   9                      11      
                                                                  Cul-de-sac adhesion     0                      13      
                         Rupture of the ectopic gestational sac   17 (73.9)               21 (45.7)              0.039   
  Blood transfusion      4 (17.4)                                 10 (21.7)               0.672                          

Values are presented as median (range) or number (%).

OP, ovarian pregnancy; TP, tubal pregnancy.

^a)^Significance at *P*\<0.05.
